Untreated obstructive sleep apnea in children is associated with significant medical and psychological morbidities. Polysomnographic testing is the gold-standard method for diagnosis of obstructive sleep apnea. However, laboratory-based polysomnography is expensive and associated with a substantial healthcare burden. Thus, a simple valid tool to accurately identify those at high risk of obstructive sleep apnea is essential. We performed a retrospective cross-sectional study of children referred to the Youthdale Child and Adolescent Sleep Clinic. Data were collected from questionnaires and sleep studies reports of 395 children. A comparison between two screening tools for paediatric obstructive sleep apnea -a sixitem (parent-response) and an eight-item IF-SLEEPY/IM-SLEEPY scales -was performed. The results showed that 42% of the children (n = 164) were diagnosed with obstructive sleep apnea. The six-item scale (score ≥3) exhibited a sensitivity of 17% and a specificity of 95% for diagnosing obstructive sleep apnea. The eight-item IF-SLEEPY scale displayed 82% sensitivity and 28% specificity. The IM-SLEEPY scale exhibited 79% sensitivity and 32% specificity. In children ≥7 years old, the IF-SLEEPY (parent-response) had a sensitivity of 82% and specificity of 28% compared with the child-response (66% and 37%, respectively). Logistic regression analysis revealed that age (odds ratio = 0.78), IF-SLEEPY/IM-SLEEPY score ≥3 (odds ratio = 1.78) and a score ≥2.72 on the six-item scale (odds ratio = 4.54) were predictors of obstructive sleep apnea. This study suggests that the eight-item scale is a better screening tool for paediatric obstructive sleep apnea, with a higher sensitivity and simple yes/no responses that are easy to complete and to score.
IN TROD UCTI ON
Obstructive sleep apnea (OSA) affects 4% of the paediatric population (Spilsbury et al., 2015) . Preterm birth, snoring and obesity have been found to predict childhood OSA (Spilsbury et al., 2015) . Risk factors of OSA in adolescents include male gender, a high body mass index (BMI), and a history of adenoidectomy or tonsillectomy (Spilsbury et al., 2015) . Symptoms of OSA in children include snoring, laboured breathing and observed episodes of apneas during sleep. The most common cause of paediatric OSA is adenoids or tonsillar hypertrophy (Marcus et al., 2012) . OSA disrupts the quality of sleep, which affects mood, cognitive function and memory. Preschool children with OSA and their families have demonstrated a lower quality of life and a higher rate of stress compared with controls (Jackman et al., 2013) . In addition, OSA has negative consequences on children's behaviour (Tripuraneni et al., 2013) , and is associated with a low academic performance (Galland et al., 2015) . Moreover, OSA has been found to cause serious health consequences, such as hypertension and recurrent pulmonary infections (Goldbart et al., 2012) . It is difficult to differentiate between habitual snoring and OSA clinically. Children at risk of OSA should be referred for polysomnography (PSG) , which is the gold-standard method for OSA diagnosis. However, PSG is associated with substantial financial costs, human resources and healthcare burden. Thus, a simple valid tool to accurately identify those with a high risk of OSA is desirable. It would be beneficial to prioritize patients for PSG according to the probability that they will have positive results.
Several questionnaires have been developed for paediatric OSA screening. However, it is still a challenge to define a highly sensitive and specific questionnaire that is easy for the patients/parents to complete, and easy to score by clinicians. Spruyt and Gozal (2012) developed a six-item questionnaire with a Likert-based response, which was validated in a large community-based cohort consisting of children aged 5-9 years (n = 1133). The questionnaire had 59.1% sensitivity, 82.9% specificity, 35.4% positive predictive value (PPV) and 92.7% negative predictive value (NPV). A cut-off of 2.72 as a cumulative score on the six-item questionnaire was used to define patients with high risk for OSA (Spruyt and Gozal, 2012) . Kadmon et al. (2013) validated the six-item questionnaire in a cohort of children referred to a paediatric sleep clinic. Eighty-five children aged 3-9 years were included in the study. Applying the originally reported cumulative score of 2.72, the six-item questionnaire displayed low sensitivity for diagnosing OSA (20%). When a score of ≥1 was used, the sensitivity increased to 62%. For moderate and severe OSA, the questionnaire demonstrated 83% sensitivity, 64% specificity, 28% PPV and 96% NPV (Kadmon et al., 2013) . The authors related the differences of the threshold results between the original validation study and the later study to differences in the characteristics of the population (general population versus clinical referral cohort).
The following year, Kadmon et al. (2014) created an eightitem questionnaire (IF-SLEEPY) with YES/NO answers for paediatric OSA screening. They validated the questionnaire in a cohort of 150 children who were referred for evaluation of OSA at a sleep clinic. Children aged 3-18 years old were included in the study. The eight-item (parent-response) displayed a sensitivity of 78% and a specificity of 40% for the diagnosis of OSA. The eight-item (child-response) displayed a sensitivity of 45% and a specificity of 52% (Kadmon et al., 2014) . Modifying the IF-SLEEPY scale to include the BMI ≥ 85 th percentile as the second item was performed to create the IM-SLEEPY scale. The sensitivity of the IM-SLEEPY scale was 82% and the specificity was 50% for the diagnosis of OSA (Kadmon et al., 2014) . The previous study for the eight-item questionnaires was limited by a selection bias and a small sample size. However, because the eight-item scales are easy to use, we aimed to further validate the eight-item questionnaires in a larger cohort of paediatric population referred to a sleep clinic and to compare the utility of the two questionnaires with the six-item questionnaire. This study was performed to determine if one of these questionnaires can be considered as a useful and simple tool for screening of paediatric OSA, and can be applied by physicians in sleep facilities.
MAT ERIALS AN D METH ODS

Study design
This was a retrospective cross-sectional study conducted at the Youthdale Child and Adolescent Sleep Centre, Toronto, ON, Canada. Ethical approval was obtained from the Institutional Review Board Services (Aurora, Canada). The study involved the review of all paediatric questionnaires and the results of the PSG. Parents of referred children were asked to complete two screening tools of OSA: the six-item and the eight-item scales before the child underwent diagnostic PSG. Children ≥7 years old were also asked to complete the eight-item scale separately.
Study population
The study population included children aged between 2 and 18 years, who were referred to the clinic for a sleep evaluation. We excluded children who were previously diagnosed with OSA. Consent/assent was obtained from parents/guardians and from children aged 7 years or older.
The six-item questionnaire
Parents/guardians of referred children answered six questions: (1) do you ever need to shake your child to make him/ her breathe again when asleep; (2) does your child stop breathing during sleep; (3) does your child struggle to breathe while asleep; (4) are you ever concerned about your child's breathing during sleep; (5) how loud is the snore; and (6) how often does your child snore?
All questions were answered using a Likert response scale: never = 0; rarely = 1 (once per week); occasionally = 2 (twice per week); frequently = 3 (three-four times per week); and almost always = 4 (>four times per week). The fifth question was answered based on the following scale: mildly/quiet = 0; medium loud = 1; loud = 2; very loud = 3; extremely loud = 4.
The cumulative score of the questionnaire represented the average score of the six questions, according to a formula developed by Spruyt and Gozal (2012) , which indicates that the complaints can be ranked according to severity hierarchy (where Q1 = response to question 1, Q2 = response to question 2, etc.): A = (Q1+Q2)/2; B = (A+Q3)/2; C = (B+Q4)/2; D = (C+Q5)/2; and the cumulative score = (D+Q6)/2. Based on the original assessment, a score ≥2.72 was used as an indicator of high risk for OSA.
The eight-item questionnaire (IF-SLEEPY)
Parents/guardians of referred children were asked to complete the eight-item scale (IF-SLEEPY): (1) is your child often Irritated or angry during the day; (2) does your child often Fidget and/or is hyperactive; (3) does your child usually Snore; (4) does your child sometimes have Laboured ª 2017 European Sleep Research Society breathing at night; (5) Ever noticed a stop in your child's breathing at night; (6) does your child have Enlarged tonsils and/or adenoids; (7) does your child have Problems with concentration; and (8) does your child often Yawn or is often tired/sleepy during the day?
Children ≥7 years old were also asked to complete the modified eight-item scale: (1) are you irritated or angry a lot; (2) is it difficult for you to sit quietly? Do you feel that you always have to be 'on the move'?; (3) do you snore at night?; (4) did your parents or a friend tell you that your breathing is 'difficult' at night?; (5) did your parents or a friend tell you that you stop breathing at night?; (6) do you have problems with your tonsils or adenoids (glands inside your mouth)?; (7) is it difficult for you to focus (at school or at home)?; and (8) do you feel tired or sleepy a lot?
All questions were answered using a yes/no response. The total score of each questionnaire represented the summation of positive responses. The parent and child versions were scored independently. A child at high risk for OSA was defined as a child with a total score of ≥3.
Overnight PSG
The included children had one overnight PSG study at the Youthdale Child and Adolescent Sleep Center. The PSG study was conducted by certified sleep technologists. Each study included a concurrent recording of the electroencephalogram, electrocardiogram, electrooculogram, and a chin and anterior tibial electromyogram. The study also involved the use of a nasal pressure transducer, an oral thermistor, a snore sensor, a respiratory inductive plethysmography, a pulse oximetry and an end-tidal capnography. The studies were scored according to the American Academy of Sleep Medicine manual for the scoring of sleep and associated events with a computerized system (XL-TEK, Oakville, Ontario, Canada). The staff performing the scoring of the PSG study and approval of the report were blinded to the scores on the questionnaires. The study reports were reviewed by a paediatric sleep physician. Data from the study report including the sleep architecture, the apnea-hypopnea index (AHI), the central apnea index, the respiratory disturbance index, the nadir oxygen saturation, the arousal index and the periodic limb movement index were extracted for use in this study. For children younger than 13 years, OSA was defined as an AHI ≥1.5 per h total sleep time (TST). Mild OSA was defined as AHI 1.5-<5 per h TST, moderate OSA was defined as an AHI 5-<10 per h TST and/or nadir oxygen saturation ≤85%, and severe OSA was defined as an AHI ≥10 per h TST and/or nadir oxygen saturation ≤80%. For children between 13 and 18 years, the adult criteria for the diagnosis of OSA were used (Berry et al., 2012) (Barlow et al., 2007) .
Statistical analysis
Differences between patients with and without a diagnosis of OSA were assessed using the independent sample t-test for continuous variables and the chi-square test for categorical variables. The sensitivity and specificity of the six-item and eight-item questionnaires for diagnosing OSA were calculated, and the receiver operating characteristics (ROC) curves were produced. The SPSS statistical software (version 23.0) was used for analyses. The parents' and children's responses to the eight-item IF-SLEEPY scale were assessed separately. We calculated the scores of the IM-SLEEPY questionnaire by replacing the second item on the IF-SLEEPY questionnaire (parent-response) with the BMI >85 th percentile (YES/NO).
The sensitivity and specificity of the IM-SLEEPY scale were calculated. Further, we performed analyses based on the severity of OSA. A binary logistic regression analysis was performed to detect the ability of age, BMI, gender and scores on different scales to predict the presence of OSA.
RESULTS
Study population
A total of 395 children and their parents were initially included in the study. Incomplete responses to the questionnaires were excluded from the final analyses. The final analyses included 179 parental responses for the six-item scale and 328 responses for the eight-item scale. Responses from 235 children were included for the eight-item scale analysis. The demographic characteristics of these children are shown in Table 1 .
PSG results
From the total of 395 children, 42% (n = 164) of children were diagnosed with OSA. Thirty-four percent of children were diagnosed with mild OSA (n = 133), 5% were diagnosed with moderate OSA (n = 19) and 3% were diagnosed with severe OSA (n = 12). The central apnea index and the arousal index were significantly higher among children with OSA (P<0.0005 and P = 0.01, respectively). The nadir oxygen saturation was significantly lower in children with OSA as compared with those without OSA (P<0.0005). The differences in sleep parameters between the two groups are displayed in Table 1 .
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BMI
Per BMI percentiles: 3% of children were underweight, 59% of children had a normal BMI, 16% were overweight and 21% were classified as obese. Thirty-seven percent of the study population was defined as overweight and obese (≥85 th percentile). The mean BMI percentile was higher in children diagnosed with OSA compared with children without OSA. However, the difference was not statistically significant.
Statistical analysis results
The six-item questionnaire A total of 179 parents completed the six-item questionnaire. Using the original cumulative score ≥2.72, the calculated sensitivity for diagnosing OSA was only 23%, with even lower sensitivity for mild OSA (17%, n = 77), and a higher sensitivity for moderate and severe OSA (46%, n = 22). On the other hand, a cumulative score ≥1 increased the sensitivity of the six-item questionnaire to 58%. For moderate and severe OSA, the sensitivity was 82% and the specificity was 50%. For different cut-off values of the six-item scale, see Table 2 .
The ROC curve analysis showed an area under the curve (AUC) of 0.59 (P = 0.020, 95% CI: 0.5-0.6; Fig. 1 ). The AUC measures the test accuracy, which depends on how well the test separates the group being tested into those with and without OSA.
The eight-item questionnaire (IF-SLEEPY): parent-response Parents of 328 children completed the eight-item IF-SLEEPY questionnaire. With ≥3 positive items, the sensitivity was Table 3 . The ROC curve analysis showed an AUC of 0.59 (P = 0.004, 95% CI: 0.5-0.6; Fig. 2 ). For responses of parents of children aged ≥7 years (n = 255), the sensitivity and specificity of the IF-SLEEPY scale were similar to that of the parental response children in all age groups (82% and 28%, respectively) for diagnosis of OSA (n = 94). For the sensitivity and specificity of the scale using different cut-off values and according to different classes of OSA, see Table 4 .
For children younger than 7 years (n = 73), the parental response on the IF-SLEEPY scale had a sensitivity of 83% and specificity of 27% for diagnosing OSA (n = 47). For the sensitivity and specificity of the scale using different cut-off values and according to different classes of OSA, see Table 5 .
The eight-item questionnaire (IF-SLEEPY): child-response Children ≥7 years (n = 235) completed the eight-item questionnaire (child version). With ≥3 positive items, the sensitivity was 66% and the specificity was 37% for diagnosing OSA (n = 79). For mild OSA (n = 69), the sensitivity was 71% and the specificity was 39%. For moderate and severe OSA (n = 10), the sensitivity was 30% and the specificity was 34%.
The eight-item questionnaire (IM-SLEEPY): parent-response
With three or more positive items, the IM-SLEEPY scale exhibited 79% sensitivity and 32% specificity for the diagnosis of OSA. The IM-SLEEPY scale displayed a similar sensitivity and specificity for diagnosing mild and moderate to severe OSA. For different cut-off values of the IM-SLEEPY scale, see Table 6 . For sensitivity and specificity of the eightitem IM-SLEEPY scale in children younger than 7 years and in children aged 7 years or older, see Tables 7 and 8 . The ROC curve analysis showed an AUC of 0.6 (P = 0.001, 95% CI: 0.5-0.6; Fig. 3 ).
Regression analyses results
Direct binary logistic regression analysis was performed to assess the predicting ability of several factors for diagnosing OSA. In the first model, the diagnosis of OSA was the dependent variable, and age, gender and BMI percentile (as continuous and categorical ≥85 th percentile) were independent variables. A total of 395 cases was analysed including 162 females and 232 males. The result of the goodness of fit test was statistically significant: chi-square value (degrees of freedom = 4, n = 395) = 91.9, P = 0.000, therefore supporting that the model was able to distinguish between patients with and without OSA. The model explained between 20% (Cox and Snell R-square) and 28% (Nagelkerke R-square) of the variability in OSA status, and correctly classified 71% of cases compared with 58% without factors in the model. The sensitivity of the model was 64% and the Values are expressed as percentages. n, number; OSA, obstructive sleep apnea. Figure 1 . The receiver operating characteristics (ROC) curve displaying the area under the curve (AUC = 0.59, P = 0.020) for the 6-item scale predicting the diagnosis of OSA.
ª 2017 European Sleep Research Society specificity was 76%. Of the independent variables, only age made a unique significant contribution to the model (Wald value: 65). The direction of the relationship between age and OSA status was negative, indicating that younger people were more likely to be diagnosed with OSA (age: P<0.0005; odds ratio = 0.78; CI = 0.73-0.83).
A second model was performed to explore the ability of a score of 3 or more on the eight-item IF-SLEEPY (parentresponse) to predict OSA. A total of 328 cases was analysed, including 251 cases of score ≥3. The Wald test was significant (P = 0.03, odds ratio = 1.78, CI = 1.04-3.06), indicating that a score ≥3 on the eight-item IF-SLEEPY based on parental response was a predictor of the diagnosis of OSA in children. In addition, the child-response on the IF-SLEEPY was analysed in 235 cases, including 151 children with a score ≥3. The Wald test was not significant (P = 0.72), indicating that child response on the eight-item IF-SLEEPY scale with a score ≥3 was not a predictor of the presence of OSA.
Another model was performed to explore the predicting ability of the eight-item IM-SLEEPY (parent-response) with a score ≥3 for diagnosing OSA. A total of 328 cases was analysed including 240 cases of score ≥3. The Wald test was significant (P = 0.02, odds ratio = 1.78, CI = 1.06-2.97), indicating that parent-response with a score ≥ 3 on the eight-item IM-SLEEPY scale was a predictor of OSA status.
Moreover, we tested the predicting ability of a six-item score ≥2.72. Of 179 cases, 28 children had scores ≥2.72. The Wald test was significant (P = 0.004, odds ratio = 4.54, CI = 1.64-12.56), indicating that a score ≥2.72 on the sixitem scale was a predictor of the diagnosis of OSA. Cut-off values of 2 and 3 on the six-item scale were also predictors of OSA. However, a cut-off value of 1 was not a predictor. Table 3 The sensitivity and specificity of parent-response on the eight-item IF-SLEEPY scale (n = 326) in children of all age groups 
DI SCUSSION AND LI MI TATI ONS
In this study, we evaluated the performance of a six-item and two-eight-item scales in a paediatric cohort at a sleep clinic.
With the original cut-off value of 2.72, we found that the sixitem questionnaire has a lower sensitivity than was previously reported in the community-based setting (23% versus 59%).
With a cut-off value ≥1, the six-item questionnaire had a high sensitivity for the diagnosis of moderate and severe OSA (82%) and a reasonable specificity (50%); however, this cutoff was not found to be a predictor of OSA status in the regression analysis model.
The two-eight-item questionnaires had better sensitivities for the diagnosis of OSA using the original cut-off value of ≥3. In addition, both questionnaires were found to be good Values are expressed as percentages. n, number; OSA, obstructive sleep apnea. Values are expressed as percentages. n, number; OSA, obstructive sleep apnea. predictors of the presence of OSA on regression analysis models. However, their specificities were low. This means that as compared with the six-item questionnaire, using one of the eight-item questionnaires for OSA screening, more children would be referred for a sleep study for every case of OSA diagnosis, but less OSA cases would be missed. The performances of the two-eight-item questionnaires were quite similar. The IF-SLEEPY scale had a better sensitivity than the IM-SLEEPY in both younger and older children (83% versus 79%). However, the IM-SLEEPY scale was more specific than the IF-SLEEPY scale in younger children (30% versus 27%) and in older children (32% versus 28%). The AUC of the ROC curves indicates that both the six-item and the two-eight-item scales have poor accuracy. However, we believe that a screening test with high sensitivity for the diagnosis of OSA is desirable, regardless of the accuracy, as in such a case the rate of missing cases of OSA would be very low.
It was not surprising that for children ≥7 years, the child response on the eight-item IF-SLEEPY scale was less sensitive than the parental response for diagnosis of OSA. However, we were surprised by the large difference in the sensitivities of the parent and child responses for moderate and severe OSA (75% versus 30%). In addition, the child version of the eight-item IF-SLEEPY questionnaire was not found to predict the status of OSA on a regression analysis model. This indicates that children have low awareness of nocturnal breathing disturbances and daytime difficulties, and parents' reporting is necessary for the evaluation of these patients.
Our study has a number of limitations. The first limitation is the low overall specificities of the IF-SLEEPY and IM-SLEEPY questionnaires for diagnosing paediatric OSA. As a screening tool, it means that approximately three children will be referred for a sleep study with a tentative diagnosis of OSA (i.e. a score ≥3) for every definitive diagnosis of OSA. As OSA has significant adverse physical, mental and academic consequences, and is readily treatable, we believe this ratio is acceptable. The second limitation is the singlecentre design of the study. Another limitation is the sample bias. The questionnaire was completed by patients referred for a sleep study as opposed to primary care patients. However, as the main purpose of the questionnaire is to prioritize referrals for sleep studies, we believe this is the right cohort for the evaluation of the questionnaires' performance.
CONCLUSI ON
The eight-item IF-SLEEPY and IM-SLEEP questionnaires performed well in the prediction of paediatric OSA. Both scales have a high sensitivity for OSA diagnosis, making them reasonable screening tools; however, with low specificities. These questionnaires can be administered to parents of children in all age groups with a similar outcome. In addition, the yes/no response type of the eight-item scales makes them easy tools to be applied by physicians to detect patients with high risk for OSA in a paediatric population.
